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CYLIiroSE-HFAD COOLIWG BI !-.IEAN3 OP A SHIELD III THE SmUST PASSAGE 



Tests Trere run on a single-cylinder, air-cooled engine isrith a 
Wright C9GG cylinder to determine the improverent in cylinder-head 
coolinf?; that can be obtained by building into the ezhaust passage 
an insixLating shield designed to protect the valve-guide boss and 
the eyhaust-passage v/alls from the r>xhaust gas. The test results 
showed an appreciable iiriprovement in cooling of the e>dtiaust-valve- 
guide boss, of the guide bushing, and of th*"^ valve seat. At a power 
output of 91 indicated horsepov/er, the temporabure of the valve-juide 
bushing was reduced F; that of the valve seat, 2h'^ F; and that 
of the valve-guide boss, 82'-* F \?ith the original shield and ^7*^ F 
T/ith the repaired shield. At this povrer the same guide temperature 
existed at a cooling-air pressure drop of 5 inches of v/ater vlth 
the shield as at a pressure 'di'op of 22 inches of water v/lthout the 
shield. The cooling-air pressure drops required for equal temper- 
atures of the seat at this pov/er -vvere 5 inches of vrater 7d.th the 
1 

shield and 7^ inches of Tvater vithout the shield. There was no 
perceptible loss of povrer because of the use of the shield. 



In the course of research on C2/Iinder cooling at increased 
po7fer outputs, it 7/as found that the heat load imposed upon the 
exhauet valve tras excessive at higher than rated povfer. Corrosion 
and deformation of the exhaust valve r^jsultod. Reduction of the 
temperature of the outj^ide of the cylinder head by increasing the 
mass f lov; of coolin;^ air was found to be relatively ineffective in 
reducin;j the operatfijQg temperature of the valve (reference 1) . 
Inasmuch as a large portion of the heat ir'emoved from the valve 
passes through the valve guid;* and the valve-guide boss, it was 
thought that the flo;-- of hoat f roir? the valve -^ight be increased by 
reducing the flo''^: heat fron the exhaust gas to tho valve-guide 
boss. Other investigators (rof<3renc8s 2 and 5) have pointed out 
the import anc'; oi cooling th,; valvo guide a3 a means oi' i.iaproving 
valve ji^rf ormance. 
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This report presents the refsults of comparative tests run to 
df^,terriine th8 reductions in the temperatures of the exh?.ust-v£ilve 
seat and gnide thai are attainable b^r the use of an exhaufst-pcissage 
shield. The influence of the shield on the breathing capacity of 
the- C3'-liDder vms also investigated. 

o 

Some ox the data presented in this reyjort have been previously/ , 
published in reference hj vAiich dealt v/ith the o^rer-all problem of 
failijres of e:di3ust valves. It is br-lieved that the use of a shield 
in the exhaiist passage offers sufficient possibilities to vrarrant 
the publication of all the jqpplicable data obtained in these tests . 



APPARATUS LW l!ETHODS 

An insulatinp; shield (fig. 3.) similar to the one described in 
reference ^ TiaG fitted into the exhaiist passage of a standard 
1'Jright G9GG cr/linder. The shield, made of l/l6-ijnch sheet Inconelj 
Yv-as hand-formed in four pieces to fit and entirely cover the exhaust 
passage. Tiie exhaust passaf^e r^as covered Tdth po-»-jdered asbestos 
held by porcelain jjisiilating cement. The asbestos served to prevent 
contact of shield and cylinder -head material. The pieces of shield 
xiere gas-^Tjelded in p?.ace to forn a one-piece shield* The edge of 
the shield near the insert of the exhaust-valve seat 77as then peened 
into a previously cu.t atmular gi'oove to make a gastight seal and to 
form a smooth surface. The opening in the shield through vAiich the 
valve sten pressed riss sealed by peoning the shield against the 
exhaust -valve-gu.ide boss. Gas leakage and Ic-ck of support at this 
point caused the eventual failure of the shield » The shield v^as 
not attached to the cylinder -hesd material except by peening into 
the groove near the insert of the valve seat and by foming tightly 
against the valve-guide boss and against the head material at the 
passaf^e exit. 

The cylinder J equipped vrith the exliaixst-passage shield^ v^as 
mounted on a single-cylinder crahkcasc. The cylinder bore -was 

6^ inches and the crankshaft used had a stroke of 7 inches. The 

compression ratio vra.s 6.?. The principal components of the test 
apparatus are sho^/v-n diagrammaticaUy in figure 2. Standard test- 
engine eciuipment v;jo3 used for mef.suring engine torque, engine speed, 
fuel consumption, cylinder temperatures, and fuel-air ratio. A 
seppxately driven centrifugal blov/er siipplied the cooling air. 
Thermocouples Y/ere located in the exhaust-vt=lvo guide, neai' the 
' seat insert, and in the exhaust-valve-guide boss (fig. 1). 

Tests vn.th and ivithout the sliield vrere conducted to determine 
the effect of the shield on the temperatures of the exhaust-valve- 
guide bushing and the exhaust-valve seat and on engine power over 
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a range of manifold pressures. Brake mean effective pressure and 
m^ss floT.'- of cooling air T;ere separately varied while the remaining 
facbors were held constant. The tests covered a range of powers 
from 36 to 236 indicated horsepo"wer and a range of cooling-air pres- 
sure drops across cylinder from h to 31 inches of T/ater. The 
cooling-air jackets used for all tests were similar to the jacket 
described in reference 69 For all tests the engine speed was held 
at 2000 rpm and the fuel-air ratio v;as held at 0.08. 

During the tests the shield failed by splitting at the edge of 
a Y/elded seam. No asbestos remained behind the shield. The shield 
was repaired v/ithout replacing the asbestos and the tests vrere con- 
tinued until the shield again failed. Tm shield was then removed 
and the comparative tests vrerc run. 

The friction horsspov/er was determined by motoring the engine 
at test values of inlet-air pressure v^hile oil pressure, oil temper- 
ature, engine speed, and cylinder temperatures were held at values 
as close as possible to those obtained under power conditions. 

EFFECTS OF EmUST-PASSAGE SHIELD OK EWQBTE-OPERATmC- GHASACTSRISTIGS 

Temperatures 

The exhaust-passage shield effectively lowered the temperatures 
of the exhaust-valve seat, the guide boss, and the guide bushing, as 
sho7m in figures 3 and I|. The temperature of the cooling air was 
higher v/hen the cylinder '.vas tested without the shield than during the 
tests vriLth the shield; therefore, a correction to the observed cylin- 
der temperatures was necessary. Data presented in figure h of refer- 
ence 7 indicate that an increase of 1° F in the temperature of the 
cooling air v/ill raise the temperature of the head approximately 0.8° F. 
Tlie observed temperatures have been corrected to conform to a common 
cooling-air temperature on this basis and their variations v.dth 
changes of power and vaXh. changes of cooling-air pressure drop aAp 
are shorn in figures 3(b) and h{h), respectively, where aAp is equal 
to the static-pressure drop of cooling air multiplied by the ratio of 
the average density of the cooling air to the density of air at a 
pressure of 29.92 inches of mercuiy and a temperature of 70° F. 

Figure 3(b) shows that the follovri.ng reductions in corrected 
temperatures resulted from the use of the shield: that of the valve- 
guide bushing vras reduced 1^8° F, from ^^30'^ F to U82° F} that of the 
valve seat v;as reduced 2h^ F, from kOh^ F to 380° Fj that of the 
giiide boss was reduced 82° F, from 599^ F to ^^I'J^ F, when the shield 
v;as first installed, and 57*^ F, from 599° F to 5U2° F, after the 
shield had been repaired; that of the rear spark-plug bushing was 
reduced h3° F, from 361° F to 353° F. 
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Figtire 5 shosvs that the temperatures of the valve seat and the 
guide bushing irere approximately the same ■yjith the original shield 
7rfiich had asbestos behind it and vrlth the repaired shield which had 
no asbestos. The valve-guide boss, however, was hotter mthout 
asbestos, perhaps because the shield touched the boss near the 
thormocouple . The' effect of the shield failure is shovm in fig\ire 3 
by the sudden rise in temperatures <, The extremely high temperatures 
are probably due to gases, g-aided by the broken shield, that impinged 
on the valve~guide boss and passage T^all. 

The tests mth variable power (fig. 3) '-^^ere run v/ith a cooling- 
air pressure drop Ap of l6 inches of water. With a pressure drop 
of this magnitude, additional quantities of cooling air are compar- 
atively ineffective in reducing cylinder temperatures j therefore, 
if the temperature reduction effected h}f the use of the shield were 
to be accomplished by increasing the cooling-air flovr, extremely 
high pressure drops vfould be required. The tests with variable 
cooling-air pressure drop were run at 91 indicated horsepaver; the 
results are shovm in figure U. The folloiTing table shovrs values of 
CQoling-air pressure drop vJAp in the operating range that vfould 
give equal temperatures mth and vTithout the shield. 





; Cooling-air pressure 
1 (in. 


drop required, OAp 




: 'v7ith shield } 


Without shield 


Corrected guide temper- 
aourfc;, ^30*^ F 


' > 1 


22 


Corrected seat teznper- 
atur-j, F 


1 — ^ 

■ 1 


h 



Volumetric Ef f icienpy 

Figure ^ shovjs that the shield in the exhaust passage did not 
sufficiently impede the flo?v of exliaust gas to cause a perceptible 
reduction in engine power. No difference in the manifold pressure 
required for a given indicated moan effective pressure, v/ith or 
?/ithout the shield, is apparent. 



SUIiiiy?! OF RESULTS 

An analysis of the test data taken in comparative tests of a 
standai-d 'bright C9GC cylinder xTith and vd.thout an exhaust-passage 
shiald shoY/s thats 
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}# The exhaust-passags shield appreciably reduced the tempera- 
turtiS of the exhaust-valve-guide boss, the valve-guide bushing, and 
the valve seat. At a povrev output of 9I indicated horsepovrer the 
tfcjij-ierature of the exhaust- valve-guide bushing vras reduced i|.8*^ Fj 
the temperature of the valve seat, 2k and the temperature of the 
vilve-^aide boss, 82° F 'vvith the original shield aiid $7^ F vri.th the 
rep'^i.red shield, 

2, At 91 indicated horsepoiver the use of the shield reduced the 
temperature of the erhaust-valve guide the same aTtount as increasing 
the cooling-air pressure drop from 3 to 22 inches of water. The 
cooling-air pressure drops required for equal temperatures of the 
valve snat at this porfer 'Tere 3 inches of r/ater vdLth the shield and 

7|j- inches of water T-dthout the shield. 

3« The exhaust-passage shield did not sufficiently obstruct the 
psssige of exhaust gases to cause a perceptible reduction in the 
po.7er of the engine. 



Aircraft Engine Research Laboratory, . 

I'ationsl Advisory Committee for Aeronautics, 
Cleveland, Ohio. 
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Figure 1, - Sections shoeing e.xhoust-passage shield and thermocouple locations. 
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Figure 2^ - Dfogramat fc layout of equipmento 
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Fig. 3a 
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Figure 3,- Effect of an esdiaiast-passage shield on the teraperatisres 
of the exhaust-valvG seat, guide bushing„ guide boss, and reap 
spark-plug bushing, Wright G9GG cylinder | fuel -air ratio, 0,08; 
engine speed, 2000 rpmi cooling-air pressure drop, 16 inches of 
water ■ 
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Fig. 3b 
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(b) Effect on corrected temperatures. 
Figure 3.- Concluded, Effect of an exhaust-passage shield on the 
temperatures of the exhaust- valve seat, guide boss, awl rear spark- 
plug bushing. Wright C9GC cylinder; fuel-air ratio, 0,08j engine 
speed, 2000 rpm; cooling-air pressure drop, l6 inches of water. 
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Coollng-alr pressure drop, &p, in# water 
(a) Effect on measxared temperatures. 
Figure i^..- Effect or variation In cylinder-head cooling on the temper- 
atures of the exhaust -valve guide, valve seat, and rear spark-plug 
bushing. Wright C9GC cylinder; fuel-air ratio, 0.08j engine speed, 
2000 rpin; power output, 91 indicated horsepower. 
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Coollng-alr pressure drop, cT^p, In. water 
(b) Effect on corrected temperatures. 
Figure li..- Concluded^ Effect of variation in cylinder-head cooling on 
the temperatures of the exhaust-valve guide ^ valve seat, and rear - 
spark-plug bushing, Wright C9GC cyllnderi fuel-air ratio,. O.O8; 
engine speed, 2000 rpm; pover output-, 91 indicated horsepower. 
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Manifold pressure. In. Hg abs. 

plgxire 5«*' Relation between manifold pressure and Indicated mean 
effective pressure with and without exhaust-pas scige shield, 
Wright C90C cylinder; fuel-air ratio, 0.08; engine speed, 2000 
rpm; coollng-alr pressure drop, X6 inches of water. 
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